Since bird is one of the most sensitive indicators of ecosystem health, both its habitat range and migration route could be affected by global climate change and the most direct impacts come from human activities and global warming [1] . Since recent years, the status and trend of bird distribution have drawn an increased attention in the field of global change. However, to date there have been no geographic distribution database of birds that is convenient for spatialtemporal analysis in China.
Nowadays, the widely-used knowledge of the distribution data of birds mainly comes from experts' experience and investigations. They often use provincial level administrative district, natural conservations and ecoregions as basic unit to describe the distribution, such as "A Checklist on the Classification and Distribution of the Birds of China" [2] or "A Field Guide to the Birds of China" [3] . Some on-line database also used them as data sources, including the species information of China's bird network database (http:// www.birder.cn), China Animal Scientific Database (http:// www.zoology.csdb.cn) or the Site Record Database for Chinese Galliformes (SRDG) [4] . These databases can completely reflect the distribution of birds in China in relatively coarse unit, but without geographic location or time series that are critically needed for spatial-temporal analysis. At the same time, considering the negative effect of habitat degradation and fragmentation [5] [6] [7] , these databases may fail to represent the true distribution of birds. In addition, there were also many local, regional or conservational field surveys [8] [9] [10] , which have high accuracy but cannot reflect the overall habitat in the whole country due to their limitation in ranges.
Recently the bird watching records have caused ornithologists' attention. Records from long-term monitoring programs such as Breeding Bird Survey (http://www.pwrc. usgs.gov/BBS/), Christmas Bird Count (http://birds.audubon. org/christmas-bird-count) or BTO (http://www.bto.org/) have provided a large amount of first-hand materials for researchers. Recent studies have highlighted the impact of human activities [11] , response of climate change [12] , identification of biodiversity hotspots [13] , development of natural conservations and evaluation of protective effect [14, 15] . Bird watching data contains information about accurate coordinate or detailed description of occurrence in time which may play an important role in refining their distribution ranges and downscaling distribution units. In addition, these records also have such advantages as low cost, more information, easy to obtain, long time series, high accuracy and convenience for spatial-temporal analysis. To date, we still lack a published database which contains all bird species in mainland China with above advantages.
China Bird Report, the only journal publishing annual bird records from China, is a substantial and credible information source on the current distribution and conservation status of Chinese birds. Such a rich source of bird data has enabled all China Bird Report since 2005 to publish records of over 1000 species, representing about 80% of the China list [16] . Every record has been organized and checked by ornithologists to ensure its accuracy. Its detailed description of observation could help to enhance the quality of the database. Being the supplementary information of basic distribution data, these reports could help us to draw a completely and timely understanding of distribution change, especially for endangered species. More activities of bird watching could be encouraged by analyzing the distribution and source of these records. The quality and scientific value of bird watching data could be improved as well. Therefore, we initiated to establish the China Bird Watching Database using spherical GIS software "Global Analyst" (GA) [17] . We then compared the new records with their original distributions and made a preliminary analysis on the spatialtemporal characteristics of records and bird watchers.
We aimed to use the most complete bird watching records to build up a database with geographic coordination and lay a foundation for future accumulation of bird watching records. The purpose of this paper was to address the following questions: (1) what are the special characteristics and value of bird watching records as a new source of data? (2) how are the geographic pattern of new records distributed in comparison with their original ranges, and (3) how to improve the development of the China Bird Watching Database based on current data.
Data

Data sources and the production methods
The data source of this study is "China Bird Report" (2003) (2004) (2005) (2006) (2007) (Abbreviated name of observer in square brackets) Using topographic maps or databases with geocoding to spatialize such detailed bird watching records that cover the entire China will cost lots of time and energy, and may not attain satisfied accuracy. Actually, how to obtain accurate location of geographic names on different scales has been a bottleneck problem of many databases in the field of history, ecology and environment science. We adopted the Global Analyst software to solve the problem. Using Google Earth remote sensing images which have high resolution and timely update as base map, Global Analyst can support place name-querying and also provide abundant information about habitats and geographic ranges for mappers. The workflow of the China Bird Watching Database is as follows: (1) digitized the reports and defined format specifications of database. There are 13 fields of the attribute: index, order, family, Chinese name, English name, Latin name, year, month, day, province, place, number and description. (2) Extracted information of suitable habitat according to monographs [3, 18] of bird distribution and built a checklist including vegetation type, land-cover type and elevation of habitat. Then, bird name was used as the key to match its record to habitat information. (3) Searched occurrence places by Global Analyst and located them by visual interpretation on Google maps. Added attribute of species to the location and created a KML file with geographic coordination and other attributes. This results in one species corresponding to one KML file which included all reports in one year. In the end, all files were merged into the bird watching database. (4) Cross checked the data to ensure accuracies. Different people have different understandings about habitats, so it is difficult to avoid error in the process of data production. However, we grouped data makers after the completion of the initial database to find controversial places by cross checking, and modified these places based on additional information search and standardization to reduce error.
Accuracy evaluation
Errors can occur in the process of field observation, recording, editing and digitalizing. In general, the accuracy of the database is affected by three factors. First of all, to prevent from being tracked and poached according to bird reports, volunteers and editors will blur the detailed description about bird finding places during the submission and publishing stages. We can only relocate the occurrence place by referencing the suitable habitats, land-cover type and elevation. Secondly, it is difficult for volunteers to pinpoint their geographic positions in field survey, so they often use vague descriptions like "somewhere to somewhere" or "near somewhere". Such cases always happen in Qinghai, Sinkiang or Tibet region, the furthest distance between two locations among them is up to 300 km apart and the nearest could be a few dozen kilometers. This type of vague descriptions accounts for 4% of all records. We tried to improve the pinpoint accuracy by looking for suitable habitats around the place where the name was mentioned in the record. The third factor comes from the uncertainty of natural conservations because many observers only recorded the name of conservations instead of specific locations. This type of data accounts for 16% of all records. Located the finding place only by name will definitely affect the accuracy, especially in large conservation areas. We used the center of the conservation area as finding place in the end.
Database update
The China Bird Watching Database 2003-2007 serves a basis for further update. We extracted all names of bird watching places that appeared in the database, including information about latitude, longitude and elevation, and organized them to form a bird watching place database. Each name corresponded to one specific geographic location. For names that appeared in the database, we can use ArcGIS 9.3 software [19] to join the locations and attributes. For names that occurred for the first time, we can produce new KML files by the Global Analyst software and add them into bird watching place database. It will be much easier for data producers to update and enlarge the China Bird Watching Database, or assimilate other surveys by using this place name database.
Characteristics of the China Bird Watching Database
The China Bird Watching Database has several characteristics as a new type of bird occurrence data.
Using points to represent bird occurrence data. Representing the location of bird by point with 3D spherical coordinate and elevation could greatly enhance the locational accuracy. It is not only convenient for us to use Global Analyst to visualize the data, but also easy to do spherical analysis on large scales. Compared with the traditional two-dimensional method, Global Analyst has many advantages in research about bird migration and avian flu spreading [20] .
Convenient for users to update and maintain the database. Different from static database, the China Bird Watching Database can be updated dynamically and modified conveniently. Being the data source, the annual published China Bird Report guaranteed the time series of data. A long time series and high-accuracy distribution database on bird distribution can provide strong support for studies about the response of birds to climate change and human activities.
An open platform for crowd sourcing. The on-line version of Global Analyst could be used by a vast number of volunteers to update and maintain bird watching records.
Bird watchers can open their own accounts on Global Analyst website (http://www.globalanalyst.cn/) to upload records or photographs after bird watching activities or discuss and communicate with others. The on-line database will solve the problem of data gathering fundamentally. (Figure 1 ). In terms of globally-threatened species on the IUCN red list, the China Bird Watching Database includes four Critically-endangered species, 11 Endangered species, and 44 Vulnerable species (Birdlife International, 2008. http://www.birdlife.org/datazone), whilst also highlighting 27 species under Protection Class I [21] . The database covers all provincial level administrative districts except Hong Kong and Taiwan. Yunnan Province has the most abundant bird records, followed by Sichuan and Sinkiang. The three provincial level areas above account for more than 30% of all records in China.
Distribution of China bird watching records
Species composition
There are 30936 records from 2003 to 2007 in the China Bird Watching Database, including 17 Orders, 70 Families and 1078 Species
New species
The China Bird Watching Database includes 14 species which are additions to the national checklist (Table 1) . These new records occurred in five provincial level units which are either border on other countries (Yunnan, Sinkiang and Tibet) or are coastal areas (Tianjin and Hebei). Yunnan Province has most new species (7 species) followed by Hebei (3 species). Among these new species, some of their original ranges are actually distant from China, for instance, Franklin's Gull might be vagrant. For species whose original habitats are close to China, including some Passeriformes like Alexandrine Parakeet might be breeders in China. level new records are colored in green, Figure 2 ) by spatial overlay analysis.
Changes of bird range
The spatial-temporal distribution of occurrence points
We counted the total number of bird watchers in each provincial level administrative district from 2003 to 2007 (Figure 3) . 
Discussion
Bird watching activities have a long history of more than a hundred years, since American ornithologist Frank M.
Chapman appealed for "using counting instead of hunting" and came up with the original idea of the earliest bird monitoring program in the world-Christmas Bird Count (CBC) [22] in the late 19th century. There are many long-term bird surveys in Europe that have numerous participators. Bird watching activities started relatively late in China. Although in recent years the number of volunteers and organizations has experienced a rapid growth, the popularity of bird watching activities is still not large enough. From the aspect of data compensation of database, the majorities of bird watchers are professionals and they concentrate in economically developed provinces. The quantity, typicality and representativeness of records need to be improved too. From the aspect of range changes, it is impossible to avoid omissions only based on records provided by volunteers. Additionally, the problem of resampling because of high concern on some species and data bias due to uneven distribution of bird watchers also caused many troubles to the application of bird watching records. For example, Beijing is not a traditional hot spot of waterfowls because of its developed economy and large population. However, 7.3% of all records came from Beijing and they were concentrated in Miyun Reservoir, Huairou Reservoir, Changping Reservoir and Wild Duck Lake in Yanqing. How to overcome the subjectivity and make the distribution more realistic are big questions facing by observers and organizers of bird watching activities. We have several suggestions based on successful cases in foreign countries and experience about gathering, producing and sharing data in this study.
(1) Using grid point arrangement and wireless sensor network for observation [23] . Considering the large area and uneven population distribution of China, it is hard to carry out systematic sampling and monitoring, especially in regions with small population and rugged environment. Adopt audio and video sensors to detect, recognize, count and locate birds [24] , wireless sensor network could be a feasible solution for information collection because it can be placed in any environment, remote controlled without disturbance and get real-time data in long-time monitoring [25] .
(2) Build up a sharing platform of bird watching data gathering. The platform could provide functions about data production, exhibition and integration. Records or photographs could be submitted to the on-line platform by cell phones or laptops. Besides bird watching, bird banding and survey data from State Forestry Bureau and other relevant departments, or international organizations could be added for as reference and supplement. The Bird watching database could also provide convenience for communication between observers to reduce double-sampling and fill gaps. The Global Analyst software we adopted in this study could meet all requirements mentioned above, which had played an important role in the development of the China's Wetland Database as well [26] .
(3) Improve the representativeness of database by including other data sources. We will enrich the data source in the future construction of the China Bird Watching Database, including special investigations such as the China Coastal Waterbird Census Report [27] which has been developed for six years and contained 13 regions, and The Middle and Lower Yangtze Water Birds Survey Report, or national network of protection [28] to enrich the bird watching database and enhance its comprehensiveness and representativeness.
The decade of 2011-2020 is the international decade of biodiversity [29] , it is necessary and possible for China to build up a group of platforms of long-term bird monitoring in order to capture their status and dynamic trends more completely. This would allow improved understanding on range shift of birds, their population dynamics and finally better prediction on the change trends of birds in China. At the same time, this work will provide direct evidence for research on bird biodiversity in China, and promote the development of more effective protection measures. Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and source are credited. 
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